Supporting Materials
Supporting Tables  Table S1. LRET results for all our constructs, related to Figure 3 Figure 4C and 4D, respectively. Values in parentheses indicate the number of cells. Values are mean ± SEM. Table S2 . Parameter for the gating charge movement of constructs in this study.
LBT-CiVS-(+6aa)-mC

Ci-VSP-C363S LBT-CiVS
NavAb-CiVS Chimeras FRET NavAb-S4 ver.1 NavAb-S4 ver. (5) Where, Ci-VSP-C363S is wild type Ci-VSP with inactivated phosphatase; LBT-CiVS stands for LBT-CiVS-mC or LBT-CiVS-mC-R99A; CiVS-ATTO 425 is ATTO 425 labeled LBT-A222C-CiVS-mC; Q -60mV indicates a Q-V protocol elicited from a holding potential of -60mV; Q -120mV and Q +40mV protocols are shown in Figure 4A ; and, V 1/2 and z are the midpoint voltage and slope factor of the Q-V relation, respectively. In parentheses are the numbers of cells. Values are mean±SEM. Based on the Protein Data Base (PDB), we estimated the size of the LBT to be 12.1Å obtained from averaging two distances: 9.2 Å between the Tb 3+ ion and the first amino acid, Tyrosine (Y), of Lanthanide Binding Tag, and 14.9 Å between the Tb 3+ ion and the last amino acid, Alanine (A). We estimated the distance from the beginning of the mCherry to the chromophore to be 23.2 Å obtained from averaging two distances: 21.5 Å and 24.9 Å (dotted-lined double arrows superimposed on the mCherry structure), which are the distances between the beginning of the mCherry, Asparagine (N), and the farthest atoms of the two rings of the chromophore. Segments S1-S4 of Shaker, Kv1.2/2.1, Kv1.2, NavAb, and CiVS-mC are shown aligned based on conserved residues within segments. Light blue boxes indicate assumed transmembrane regions. Residue numbers are based on Shaker numbering. Aligned hydrophobic residues are highlighted in light green boxes, negative charged clusters in red boxes, and phenylalanines homologous to F290 in Shaker in yellow boxes. Positive charged residues around S4-helix are highlighted in red. Constructs created to determine the best position for LBT and mCherry. Green triangles indicate LBT insertion positions and pink rectangles indicate the linker portion, M0-D7, of the native mCherry. Construct A1 corresponds to LBT-CiVS-(+14aa)-mC in the main text and in Fig.3 . Construct B4 (highlighted with the blue rectangle) corresponds to LBT-CiVS-mC in the main text and in Fig.1 . A) First, we generated construct A1 which has the LBT positioned between L215 and G216, and contains the sequence HQQMKA from the wild type Ci-VSP and the fulllength mCherry (0-235). The A1 construct (LBT-CiVS-(+14aa)-mC in main text and Fig. 3 ), expressed and showed good Tb 3+ signals, but the distance between LBT and mCherry was too long for LRET measurements involving a possible further elongation of the segment ("OK, but long", right column in Figure A1 ). We then generated constructs, A2-A5, which had the LBT at positions successively closer to the first S4 charge, R223. Constructs A2-A5, however, did not show stable and robust Tb 3+ signals and gating currents. From these experiments we decided that LBT positioned between L215 and G216 was the best for our measurements. B) Based on the A1 construct, we scanned for the best position for the mCherry. We generated construct B2 by deleting the Ci-VSP HQQMKA sequence and the mCherry linker part, M0-A10, but the construct did not express in oocytes. We made two other constructs: B3, by adding 3 amino acids of the Ci-VSP, HQQ, at the end of the S4; and, B4 which instead includes 3 residues of the mCherry linker, NMA. While both constructs expressed well, we chose B4 as a better construct for the experiments because there is more structural information on the NMA of the mCherry linker from the crystal structure of mCherry than for the Ci-VSP HQQ. We also generated construct B5, which had the LBT one position closer to the first charge with the mCherry in the same position as in LBT-CiVS-mC, but B5 also did not express in oocytes. Hence, we concluded that B4 was the best construct for this study.
Supporting Materials and Methods Molecular Biology, Expression in Xenopus oocytes and Labeling
Large insertions including the LBT, mCherry and S4 of NavAb were done in two steps. First, the strand was amplified from a donor plasmid by PCR using primers that contain 5'-extensions complementary to the sequence flanking the desired position in the receiver plasmid. This PCR product was purified by electrophoresis and used as extended primers for a second PCR reaction using the receiver plasmid.
LRET recording in voltage-clamp configuration
LRET is a FRET technique that takes advantage of the special properties of lanthanides, in particular Tb 3+ which has a long life-time, dark regions between emission peaks in its spectrum and, most importantly, isotropic emission (1). The donor is Tb 3+ bound to the genetically encoded lanthanide-binding-tag motif (LBT), YIDTNNDGWYEGDELLA, which binds Tb 3+ with high affinity (Kd = 57±3 nM) (1, 2). Because of its low extinction coefficient, Tb 3+ can be excited via energy-transfer from a sensitizer tryptophan in the LBT motif which in turn is excited with a UV pulsed laser. The optical setup for LRET measurements has been described previously (3, 4) . Briefly, time-resolved luminescence of donor decay was collected, appropriately filtered, and detected by a gated photomultiplier tube (PMT). The extracellular solution was used as recording solution (see cut-open oocyte epifluorescence recording in Materials and Methods in main text), normally with 2.5 µM Tb
3+
. In cases in which the expression was low, extracellular solutions with 10µM Tb 3+ were used. When expressed in oocytes, LBT-carrying proteins typically have a decay life-time around 2.3-2.4 ms, close to that measured from the LBT peptide in solution (~2.5ms). Before every measurement, the luminescence of Tb 3+ was recorded from recording solution without oocytes to confirm that nonspecific slow components were not present. During optical measurements, oocytes were under voltage clamp with a two electrode voltage clamp (Dagan Corp.). For details, including pulse protocols, see Results in main text (inset in Fig. 4C, D in main text) . The emission spectrum of Tb 3+ ions bound to LBT was measured in our laboratory. The absorption and emission spectra of mCherry were obtained from the website of Dr. Roger Y. Tsien Lab (http://www.tsienlab.ucsd.edu/). The Absorption and emission spectra of ATTO 425-maleimide were obtained from the ATTO-Tec website (https://www.atto-tec.com/).
Anisotropy and polarization measurements
The anisotropy and polarization of both ATTO 425 and mCherry were measured as described previously (5) . With a rotatable polarizer, two orientations with respect to the microscope were measured, one in a north-south and the other in an east-west orientation. We measured the fluorescence of ATTO 425 from oocytes labeled by ATTO 425 expressing LBT-A222C-CiVSmC-R99A using all four possible combinations of excitation and emission polarizers: exciter north-south polarized, and emitter either north-south (parallel, I ║ ) or east-west (perpendicular, I ┴ ); or exciter east-west polarized, and emitter either east-west (parallel, I ║ ) or north-south (perpendicular, I ┴ ) polarized. By measuring the intensity of fluorescence polarized parallel (I ║ ) and perpendicular (I ┴ ) to the excitation light, the steady state anisotropy A of the fluorophore was calculated using equation A= (I ║ -I ┴ ) / (I ║ + 2 I ┴ ), where A ranges between 0 in the completely isotropic case and 0.4 in the completely anisotropic case (6) . Using the four polarization measurements, two independent calculations of anisotropy were made. With correction factors to account for the intrinsic polarization properties of the optical path, both calculations should yield the same value of anisotropy, independent of the polarization of the exciting beam. The fluorescence of mCherry was measured in non-labeled oocytes expressing LBT-A222C-CiVS-mC. Anisotropy was performed as indicated for ATTO 425. The calibration process was done by measuring the anisotropy of a known system. We measured, in our set-up, ATTO 425 dissolved in glycerol for the correction of labeling with ATTO 425 and TMRM dissolved in glycerol for the correction of mCherry. Then correction factors for the north-south and east-west excitation polarizations were calculated assuming that the anisotropies of ATTO 425 and TMRM in glycerol are 0.38. Using the correction factor, we calculated the anisotropy of ATTO 425 and mCherry in both east-west (parallel, I ║ ) and north-south (perpendicular, I ┴ ) polarized, respectively. Finally, we took an average of I ║ and I ┴ and obtained the anisotropy for ATTO 425 and mCherry, respectively (Table S4 ).
